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SUMMARY 
In this note, we examine a Carrollian treatment 
of the base of a number system as it appears in 
Alice in Wonderland. 
"Four times five is twelve, and four times six is thirteen 
and four times seven is--oh dear! I shall never get to twenty 
at that rate!' [1] [AW, 381 One of the interpretations of the 
passage is due to Alexander L. Taylor. [Taylor 471 He explains 
that 4x5 = (12) in the base 18, 4x6 = (13) in the base 21, 
4x7 = (14) in the base 24, . . . . 4x(12) = (19) in the base 39, 
and 4x(13) is not equal to (20) in the base 42.[2] If we expand 
this idea downward by writing the first four entries as 4x4 = (11) 
or E in the base 15, 4x3 = (10) or T in the base 12, 4x2 = 8 in 
the base 9 (rather than 9 base 9 as one might expect if Taylor's 
pattern were followed), and 4x1 = 4 in the base 6, not 8 base 6), 
then we can use this variation to construct Table 1 for multipli- 
cation in changing bases. There the symbols N, X, V, G stand 
for (15), (16), (17), and (18), respectively, in bases greater 
than ten, while 1 in a two-symbol numeral is read as the base 
plus the second symbol value, e.g. 1F is 96 + 14 = 10 x 11 in 
base 96, or it is 94 + 14 = 9 x 12 in base 94. 
Dodgson was familiar with the work of the nineteenth century 
London University logician, Augustus De Morgan, whom he quotes in 
Euclid and His Modern Rivals, published in 1879. De Morgan had 
extended many of the ideas of his contemporary, George Peacock 
(1791-1858), a Cambridge mathematician who attempted to axiomatize 
arithmetic and algebra. Peacock's 1830 publication, Treatise on 
Algebra contains primitive formulations of the commutative, associa 
tive and distributive laws. From the evident symmetry across the 
main diagonal in Table 1, Alice's multiplication is commutative. 
However, it is not associative since (5 x 2) x 3 = 10 x 3 = 16, 
but 5 x (2 x 3) = 5 x 6 = 14. 
The reader may also have observed that disregarding order, 
there is only one way to get to twenty. Alice indeed was correct! 
Further, the one way, 1 x 12 = 20 is a looking glass image of the 
White Queen's instruction: "Now, here you see, it takes all the 
running you can do to keep in the same place. If you want to 
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x 1 2 3 ‘I 5 6 7 8 9 10 1, 1: 
1 I (6) 2 (6) 3 (6) 4 (6) 5 (6) 10 (6) 11 (6) 12 (6) 13 (6) 14 (6) 15 (6) 20 (61 
2 2 (6) 4 (7) 6 (8) 8 (9) 10 (10) 11 (11) 12 (1:) 1.; (13) 1.1 (10) 1s (15) I6 (II,) 17 (171 
3 3 (6) 6 (8) 9 (IO) 10 (12) 11 (14) 12 (16) 13 (16) 14 (20) 15 (22) 16 (24) 17 (26) 1x (28) 
4 4 (6; 8 (9) 10 (:2) 11 (151 12 (18) 13 (21) 14 (24) 15 (27) 16 (30) 17 (33) 1S (36) 19 (39) 
5 5 (6) 10 (10) 11 (14) 12 (18) 13 (22) 14 (26) 15 (301 16 (34) 17 (36) 18 (42) 19 (36) 1T {SO) 
6 10 (6) 11 (11) 12 (lo) 13 (21) 14 (26) 15 (31) 16 (36) 17 (dl) 18 (46) 19 (51) ,T (X) 11. (hl) 
7 11 (6) 12 (12) 13 (18) 14 (24) 15 (30) 16 (36) 17 (42) 18 (48) 19 (54) IT (601 II (66) IY ;7?) 
s 1: (6: 13 (13: 14 (20) 15 (27) 16 (34) 17 (41) 18 (48) 19 (55) 1T (62) IE (69) !i\’ (76) 1H (831 
9 13 (6) 14 (14) 15 (22) 16 (30) 17 (38) 18 (46) 19 (54) 1T (67) IE (70) IK’ (78) ii i (56) lf ( ‘1 ,i ) 
10 14 (61 15 (15) 16 (24) 17 (33) 18 (42) 19 (51) IT 160) 1E (69) I!1 (781 ltl (87) If (96j lN (iO5) 
1 15 (6) lb (16) 17 (26) 18 (36) 19 (40) IT (56) lr. (6bi IW (76) lit (861 ,T (96) 1N (IOO~ 1Y (116i 
2 20 (6) 17 (17) 18 (28) 19 (39) 1T (50) 1E (61) 1W (72) 1H (63) If (94) 1X (105) 1X (116: 1V (127) 
TABLE I 
get somewhere else, you must run at least twice as fast as that." 
[TLG, 2101 Multiplying by 1 ought to be equivalent to keeping in 
the same place, which is true only for integers five or less. Of 
course, Carroll could have made things even more difficult by 
asking the way to seven! 
NOTES 
1. References to Alice in Wonderland, AW, and to Through 
the Looking Glass, TLG, are to Lewis Carroll, The Annctated Alice, 
notes by Martin Gardner, New York (World Publishing Co.), 1963. 
Alice in Wonderland was originally published in 1865, Through 
the Looking Glass in 1871. 
2. The reason for the parentheses around the numerals is that 
each should be replaced by a symbol such as W for (121, H for (13), 
F for (14) and I for (19) in bases greater than ten, where the "1" 
in a two-digit numeral does not signify the first power of the base 
or more. 
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